OO HOT Ttrt Ml TMU l«CC 



liKfAHTtll XT nr MTATW. KAIHWitlW. 



lORtICN SKHVICK DESPATCH S _ . * , 

" mun. ra> -J*.. J 

mi »Kt>AttTHt xit nr hTath. WAHHiMrrnw. 1994 v 

t Jfgtfi 

-Z.V Sir 6 ; W ,V^A V f */ 1 i iz-f /A /* / /■/ ^ ' A "' 

V' A ' (S/_ >-» W /Q rc 4*C-(. 4*~< r r' >■*•/ 5 

».*.. * air Uib|h> Mina. aitMtar, MW MU J 



•tu DIMM I I - MU1« mu* H «■ MB 
M «MM>al ( H ia l Ma r M 1UU). 

ta % Mill irrtw, MtlA Ownlal Omm 
— — 1111 tit tkt ba M inl^il a Irltb : 

Hr Chx&atofMr la Ma traaaka Ib- M^Ml lM » 1 

Sir QolatafMr'a Uv mi aaat a Mi «k 

bU a4>«U*aa mmUM. OiMMly, Ua i M i <Mi 



win tarn* kgr a bpawt aa fjrr , mm4U| *» a nliau Mi 
IMA Mr IttaNa «a pali a tm a ^ia alMI W 05^00^00 ft** Ma 



tebalttatf aa la. 1J U tta Mi naa Nr M i ljlii *4^ 

mUm at Miv Mr Ite Vla«Bl lav aC 1*5*. JHfwi *T *«1 



«M aaalaa af tba < 






1, A TMlk ta Paapla la tha Ir aa r Clrala of AiMda Mi MP H 

2. FI rat Uatara 

J. MaaU Mrg la Mil Brluia 

4. Uatura - Nr Ml«UaU 

5 , Faaal DtaMaalaa aa Mail Pa* SwrHa la MM* 




NA?! WAR CRIMES DISCLOSURE ACT 



TOR COORDINATION WITH 



EXEMPTIONS Section 3(b) 
(2) (A) Privacy □ 

(2>(B) Methods/Sources 
(2)(G) Foreign Relations Q 



Declassified and Approved for Release 
by the Central Intelligence Agency 
Date: 





f.ULiity tA ihB first of th«** Uamu 





Ofs- N 

\ r • -r. 



OKa^BITBD 



IV • 

tncl No 
«. No 
Krocr. 



I 






oi 



tla» *iuL* you a. re setting (or your dor ley it. work; tbs aaiat of mammy yum 
*re prepared lo put into initial reason a and d— Jspnmt aid JOV fiMVOai of 
scientist a nad Uidinologtots (aboms nil :f metallurgists and design engineers) 
who jncu are prepared to allocate to Us p eject. 

With regard to the second court* yuu in a* well hie to (bn a eylnies 
Iren the inform a ti on published on the dree spent of large lavi based amalsar 
power plants In the U.S. u 1 a, 

If you wished to adopt the third alternative uni if any neoeee ai y over-riding 
ogrwBeiU' were negotiated we should eerti^nly advise the adoption la the first 
place of reactors of the Colder Hall type We feel that this is the only re- 
actor* which v# cn aid 1—sdla tely put fenard as being safe, reliable mad achiev- 
able in the Initial fftigea of deTolopaont. It occupies tbs ease pise* in tbs 
derelapawnt of node or power th it the slo* speed redprocstlag angina oe^pisd 
in the devrlspamt of c onve n tion*:! steal power pleats in that it —Ins* uss of 
teaiulsTa-e nd materials itoich are well established and well tried to glee a 
safe, reliabi* and reasonably economical source of power. The oorly slow speed 
reciprocating engine held its awn against other fbn— of pel— —ear for sere 
than a century; Airing this tin* it was progressively developed; it — s In wnirse 
of tier superseded for certain applications by tbs high speed red pro noting 
engine and then supplanted by turbine — rhlnwry. It is interesting ie trace tbs 
course of this developse «t in the graph* which show, plotted against tins, the 
redaction, flrrt in weight per bar s * power and then in cost par bos— ps— r. 

These reductions resulted frow the develops— t of now techniques .—1 of now 
mat eri ole . 



1 believe that the develop— nt of nwclanr power plants will foil— a 
airdJ ir pet tart. Liioe the early steam engines, tbs Culdsr Hall type of pil e is 
capable of greet i gn msBt ; as oaaqnred with the plrats thldi are being dmdpmd 
today the rating and output ean be raised and tbs capital eoet per bares power 
will ec— down . I think that reactors of thir. type will still be sold in 30 or 
even 40 years time .\nd that they will be in use in 50 years time. 



But meamdiile other reactors capable of higher rating will be deeulsped. 
These will initially uee o— and expensive materials ir. parts of their construe 
tion and initially they will not sbow a oost advantage as coopered with r— stars 
of tiie Colder iL.ll type except in certain limited fields, but as the demand fbr 
the sped U amteri Is increases »d the tedmiqoo* of — nufiietur* bseams better 
—tabllshed costs will coos dawn and ultimately tbs— hj^ily rated r— etors will 
supersede the reactors of lower specific rating. 



Perhaps it would ucsftu. if I concluded this l ecture 
point t which 

SBKSPQJSBi you ought at soy rate to consider in designing your Atomic 
development s : - 



FIRSTLY:- It Is ewasntial that yea should prepare a dim and r— Untie prcgrsmms 
the amount of —clear pow-.r ; lant that you intend to ha— iMUllld 
jw-r hr year, this pregrsnae will take into account met —rely ymmr 
power re-iulrvottita but the scientific and pr'ctlcsl prabl— s lffw hvd 
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«ad the Q asocial resource* you are prepared to dn«U to it. The 
programme ought to he retarded a* fljv tor the first five j e ers, 
leee firm tor the second fi.ee years and provldMial fbr the laet ten 
y»vs- In prsparlng tide programs yen <m£it net to oner leek the 
fact that the rate of drrvl niwset in alaost all new Industries is 
exponential and that in order te arfxieve a eertaln lute of deee l ep 
cent in five year* or tan years tine you eay hare te tmJm an earlier 
str_rt In industrial installation than you uenlil otherwise de sir e, 

SEOONELYj- Tou can not achieve Industrial results aisply fay research, lapcrtsat 
as research-ia. In ordar to ahieee ti«*ee results te search and 
industrial application oast go hand in hand. If I eay draw a arflltery 
parallel, the research v 'Hears ore the reoocnaisaaes unite idtfle the 
industrial crgaitLsatlon is tbs eain body of the any} it is no see 
far the reoonaaisanee troops to psnsitmte tee fhr If the any is net 
able to follow up tod consolidate the advances. I m, 1 b fact, 
advising that while developing your rese a rch pru g r — e yes should 
instill an inbistrial reactor of sow sort .it the earliest 
date. 



fHDtOLTj- 



In the e.vrly stages of an industrial naclsar p ow e r pw g re Bi it is 
m&i eore lapertaht to be successful than to be clever. I 
find it necessary to give this advice to y cun people. In the 
stages of a nuclear power pragmas# the p sychological effects of 
accident or failure would be very serious. 



FOtfcTKLT : - Don't overlook the fact that tbs develope unt of rsee a rc h i de ee ixxte 
industrial practice is done by practical engi n e ers sod in srdsr te 
secure rapid nd satisfactory Industrial dorrslepMnt it is ns ess e s rj 
to build sews sort of a teen in 4iieh there is, free the outset, e 
happy <uid equal partnership betewsw the industrial engineer and the 
restart worker. 
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eleaent a.uiuf'icturs, ahanieal extraction and 

it; th* * j nvtlt tire of pansy aah' technical effort 



:ir> Uis«*« on ciliary pi m. wlii. dttfifg Ut4 
ti; vii thB expenditure on the reactors th— P>ivsi>. 

With lisited resources it nay therefore be advisable te 
.vent in whidi these services are provided by one of the 
with an established atonic energy industry. 

I ioagine th it you fbcl tiv.t with pressing need fbr nuclear 
arv making a late start. .<«, in kinglnd, iv.d sow thing of that feeling 
aell behind the United itites, v*s liid the foundations of our industry In ITU . 
We found, however, th t careful planning nd wise oonaeutretl— Of attut 
us to asks jail ■ factory progress and thit w® were right la 
start as a challenge ritbor than a handicap. 
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(Leet’i ru by Sir Christopher Hinton, 
at Tokyo, H*J 19, 1956, TOaUKI, 
May 20, 1956) 



The ”,tr.md speech mooting ai atomic generation" sponsc r ed by the bgiflCi 
to celebrate the visit c.‘ Sir Christopher HUffOH MU held Area 1:00 p*a. 
on the 19th at the £lju£ Uni? era ty auditorium la Kanda ‘Hurogadai, Chlyoda 
V/nrd, To vo. In hie opening address, 71o# President TAXAHASHI of the Tender! 
ghiBtqn stated: "Mores In Jipen iurlng the past year for atomic development 

•*‘Ve bo«r. remarkable, yet they ei-e mooli lr. oanpa risen vith those in foreign 
countr'r*. in Brit -in. <t is to. 7* are since the development of atosie power 
was seriously taken up by the atonic Energy Bureau and the Atonic Energy 
Authority vhich sucoeeded the Bureau. Japan east stake up ftar the of tea 
; yy \ rs . " He further eaphaslsed that if Japan is to taairrt.*in her position as 
one of t.;« first-r nidlns indue trial nations, she should secure electric power 
re soi rocs and atonic generation as necessary for that purpose. 

Mr. TAahKASHX then introduced Sir Christopher HBffQB, respon s ible official 
of ti.xi Crider Hall Atonic Power Station which is scheduled to start its epoeb> 
r. ‘ki:v operation ir. October this year. Sir Christopher HUWOB explained 
theories ranging from the A B C of atomic energy to atcmle generation, ant 
r. ve nn account of hie experiences in theory and practice by means of 'bout a 
locen aicture slides. His speech p.lso laughed upon the aonetniction oZ a 
breeder reactor using fast neutrons, and g-v® a strong l^ressSsn to the 3.vJk) 
.'•tdience which filled the auditorium. The following is the gist of his spaeeh: 

Ladies and gentlemen, I wish to speek to you on how atowde ener g y is 
. -ise-j for industrial purposes. 

In ordinary thermal power plants, energy is obtained as a result of com- 
bustion of carbon compounds. If you ask a technician is a thermal power pled 
where energy resources are obtained, I think he will not Baku any UMMsr 
because the raethais to secure energy resources are so fool liar to all. On tbs 
coi.tr ry, obtaining erwrg: resources by weans of nuclear fissi o n Is met 
fr-ixiar to us . It Is a more oonplicated phe no me non . In the ease of nenlonr 
fis.don -s m ener ( y snree, we *uinc* see with our oyee what r es et In n in 
tftkir« pi ce. Therefore, I vill epe?k first of til on the structure of nsttar. 

vfhnt is genar lly c-JLled an atom cn be divided into seem SBull pltlolN ■ 
To explain by comparing, it to our solar syotom, the xton is oenponnd of a 
cent rrl pnrt cnilod "atomic nucleus" v*u.d: c n be compared to tho MB end 
"electrons" idiieh nove around the nucleus like Mac planets. The stead# MM&Mb 
consists of two different kinds of particles; one is the protsn with a fUttlVI 
electric ch rge and the other is an elcctrir-*Hj* neutrrl pprtld s call ed a 
neutron. Since the item as a 'Aole is *'•■><* *i.rUly neutrrl, the MnbmP Of 
protons In the nucleus <»quaLs ttvit of The cj-ctroaa which wove M#ni it. 9bn 
ehmnic.J. properties of an atom are decided b- the ntadwr of ptrslsan did ntbt 
in the atooic nucleus. Ir. other *^ords, t ! *hiah bt'.ve the MM Otstw Of 
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proton* haw the m cheaic l jropertior. The matter of nntren* in an aka 
will differ .os the ease may be, and its mass ; nri phyvl col properties will differ 
according}*. 



When t * VAvab** of protons of two atoa* is equkl, their chesdeal properties 
ar* axnctl. the sane, while on the contrary, when the rushers of neutrons differ, 
jh.vslc -1 property of thes* rtons will differ accordingly. We call theee 
'.t»s isotopes. .»! kyi a chemical reaction takes place between two a turns, the 
atonic nudoi cf these atone remain unchanged. 



In the case of a nuclear reaction, on the oontrary, tranepoeitlon of 
electrons !ws no such decisive meaning as in the case of a ehsmieal reaction. 

In this case, a change takes place '.dthin the atonic nuclei. The natter pro- 
duced by a nuclear reaction is either more oonplicated or sisplsr then the 
Oit^lrwl natter. In the case of a chenlcal reaction the difference of energy 
o^fpre and after the reaction takes the form of heat divcrgenc*. The energy 
piv-ruced by a nuclear reaction is larger than that produced by a chesdeal re- 
action. In ordinary cases, the f armor is several hundred million tines the 
latter. 

If two hydrogen atoms join into a heavy hydrogen atom, the two hydrogen 
a^-oru. dan/bre the fusion hare their respective energy, and the heavy hydrogen 
atom created by the reaction also has its energy. However, since the energy 
cf the heavy hydro^er. is less than that of the two hydrogen atone, there takee 
place a divergence of heat. In tala reaction two hydrogen atone Join and oor>- 
sequontly a new atomic nucleus i; -1 produced. This i? what we call nuclear re- 
action, which differs from chemical reaction. The energy created in the pro- 
d .ctioii of a helium atom is far iirg'T thm that in the generation of a heavy 
uro.’.or. ,'solecule, und thi3 energy ccra s cut as heat. In f.'Ct, in the case 
ri such a nuclear reaction, tlie energy -{which is hundred million times that In 
a ciwBic 1 reaction ) Is released, IWi rtunately indeed, ho ’ever , it is very 
difficult to unit atacic nuclei in tils way. I mean that it Is very difficult 
to orl :v. two atomic nuclei to a condition enabling them to undergo such a 

TV ’CtiOI., 

However, thorr ir :u. exceptional case where this nuclear reaction can be 
cn-sod c vapor i lively easily. This reaction is called "nuclear fission". For 
instance, -.hen n neutron is subjected to the atomic nucleus of urnnitm 235, 
t.-sore occurs a very complicated phenomenon in which the nuclei are, an * vdiole, 
divided into tv,*o grewps and then an enormous heat is ~enerated. Generally, 
this phenomenon is accompanied by the emulation of 2.5 units of neutrons. It 
follows, then, th.-.t a nuclear fission results in the creation of rmelear fis sion 
products, the generation of ..eat and thn ar.- nation of neutrons, when fission 
to.v»s,- pi -.ce ir. comp rati Tcly large vci me, one reaction brings about uwther 
ajid thus the fission goes on oonsecutiv 1; . ..o. evnr, '..Iwn the v o l um e is as ^ 
these n'itror.s disap;*»Ar 'Without t>?in.; r» b <'c*.c - i i% nuclei. If the VviUBS 

is l rg -, t-’* fission reaction will w so t T..is point. If a large <jia2iiity of \ 
tirnni tjr Is eirpl^ye-d in thifl case, tV prob bility of neutrons being 1 os' t, de- 
crease ? , oeeause the nuns v of atoms to .s', nsutrons aro Iwi^dsd incrossss 
by tr* law -.f cube w?:;le t hr siarf.'.cr fror. *h.ch neutrons disappear increases by 
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The alniaap necessary quantity of fuel material for causing eoneeeeti rely 
occurring reactions, nanely the chain reaction, is called " critical quantity". 
In .'v turfJL uranium, the isot «pe ZJ > t/hich causes such fission la oooUlmd only 
to the extent of 0.7 per cent. The greater port of the reminder sens e s no 
fir. si on. An average of 0.5 c r the 2.5 writs of neutrons whieh are emitted ftam 
fissioned urnniua 235 is lost for seme c use or another; one unit hits unidvn 
-38 and the reoaining one unit s e r ves to sustain the chain reaction. Such u 
state takas place 00 ns eout lrel y , and this is the p h e n o m e n on Wiich is seen In 
an ordinary atonic reactor. 

If the chain reaction is '-o take pl.ee continuously, ss I have Just said, 
a. certain quantity of fbel has to be consumed . If there is too mutx loss of 
noutrons, the chain reaction cannot continue. On the ether hand, when the 
c.>ntity of hiel is 2 .^rg^r than its criticl cu.ontity, the chain reaction «dLU 
occur and the heat it gene re tee can be utilized for industrial purposes, 
hether or not it is possible to ha rn ess this energy depends on the extent te 
vhich heat can be taken out of the central port of the fuel. This we cell best 
efficiency . 

In case ordinary uranium or only a little oonoeotrated uraniua is used es 
it is conceivable that all neutrons will be captured by uranium 238. If 
such a condition arises, the neutrons will be unable to cause nuclear dssico 
ir. succession by being bombarded to uranium 235* and then the chain reaction 
’•.HI be discontinued. Oraniuo 238 is about 140 tines acre abundant than 
ur nitn 235 , so we .mist invent sooe device if the chain reaction is to be cots- 
‘.nucl. 

The neutrons emitted when nuclear fission takes place haws a fury high 
v 'locity, and thej are called fast neutrons. It is possible to increase the 
probability of the next n uclear fission being caused by leeaaraag tee velocity 
of these neutrons and also to decrease the probability of such neutrons being 
captured by uranium 238. As a aeons to decelerate the neutrons, it is con- 
ceivable te deprive them of their *:«?rgr by benbnrding then to certain other 
nuclei. The rt.teri.al* which are used to thus dscelerate neutrons are c al l ed 
aod era tore. Often used as moderator* are gmphite and heavy water. Tbs 
velocity of neutrons can be lowered by moderators to the level of m o le cular 
novanents of ordinary gases. The neutrons Wiidi are decelerated to such an 
extent are called thermal neutrons, and those reactors which urns such neutrons 
arc Cilled thermal reactors. 



t 



If on atomic re ctor is to be operated in a stabilised state, it is nee 
to kc'p constant the number of neutrons which exist in the reactor* This is 
poas'.bl' through the process of h'vin/, surplus neutrons captured when the Ml 
of neutrons t n ere . see , nsnelj, by puttin' ir* o t'e reactor a mbstance which 
will capture neutrons. Often used for tMs purpose is boron, which is pd lJ 
the re c tor In the fora of a "oontrol rod", ihen the control rod is pit deeq 
into x atomic reactor, for instance, tbr.ru. ntity of neutrons which are nap 
turod by it will increase, and those necessary for continuing h chain rsa et i 
will decrease. In the same senoe , in the case of an utmost emergency and 
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danger, far instance, It is j oeslhle to stop ths spccatlsn of * mstsr tp 
putting into It * tutor I aI vS.loh will capture neutrons. TM. s 1* scllsd "cutting 
nsthod". An stool a motor can thus discharge an o a on wii bast. The fbsl used 
in atomic reactors is metallic uranium, which is eoatcd with alwlslnm or 
other material. In this oai », of oourse, part of ths fuel will b» truasUd, 
yielding nuclear fission products. It is possible to re fins these "ashes" end 
separate plutonium diich esi be ueed for other fuel purposes. That is to say, 
uranium 23d in itself will net undergo ary fission, but it will s s p tv ra neutrons 
*nd is transmuted lido an •'.t tmmX colled urestlum 239 dtieh does net exist In 
tho natural fom. birvmivm 239 is a substanss with an inetahla Bat wo, md 
changes into another element by emitting electrons with a negative elestrls 
cluirga. Losing this osgative electric charge nans acquiring a higher at sad a 
mnbr.r. A new aleneot erased empties vrith aUmic number 93 dim dsns mot exist 
in the natural farm is time created, but this also is oot stahls and cfaamgss 
into another elaennt, measly plutonium, a toads Bo. 94, while discharging 
nec-.Uve-chargod elections again. This plutoniu* is s somewhat etahlllsed 
olrm<nt, subject to nuclear fission. 

The first stomie reactor in Britain was established in Harwell for re- 
90 rch purposes. Later, a reactor for the purpose of extracting a large quantity 
of plutoniw was constructed in Windscals near Harwell. However, tbs entire 
heat generated by ths latter reactor was wasted without being ho messed at all. 
Tic reactor was dangerous because of its emanation of vary strong radioactivity. 
Tim central part of the reactor was therefore shielded with a concrete mil with 
a thickness of about 9 inches (about 23 oedtlmeters) , and owing to this s hi el d, 
radioactivity of the reactor was successfully lowered to below the tolerable 
limit . 



However, as there was a danger that ths concrete shield m ight be dsrmged 
by thermal neutrons, another type of shield was devised so as to absorb nmitrenn 
ooninc out of the reactor. This was eallsd \ shield against thermal nsutruae. 

The reactor eonetructed in Vindseale was a graphite reactor, and it was esc led 
b; moans of air circulation. The air used for cooling the center of the re- 
actor was discharged through a chimney about 400 feet high. 

For some decades to c<me, the Wind seals reactor will resain as a mast or 
iluch was built up by our otn hands. As to utilisation of heat generated in 
an atomic reactor, it be posse very important for the e uww—1 ca l as nagmnerd. of 
the reactor to contrive to obtain such heat in a higher tcapersfcum. tdth regard 
t o the said reactor, people had originally poe seeped very limited kno wl e d ge 
about haw to utilise the beat economically. However, as tbs tedsiqm achi eved 
renurkabLs progress later, there are at present definite prospects cm ths Mcsmdsl 
utilisation of such heat. 

A genuratlon reactor which can thus be operated cooncsdeslly is now near 
completion in Colder Hall. This reactor, just as the Windsosls mast er, is % 
gr.jnite moderation reactor, oooled by me -ns of carbon dioxide. Ths S OTb om 
dioxide is pressurised and circulates around the fuel. A stsem tsrtdna is ms 
by tlie heat carried with the carbon dioxide, and power iv ttes obtained, 
t-ior. of this reactor is to be started bj* Us hand of the Qascs is Ostcbdr this 
year. 
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XValv* atm* power plant* are to b» eras trusted by lft$ f mom&ag to ewr 
program. They alone are tagetUd to nee 5 to 10 aUllga tan* of goal* hothn^ 
aore # It will bacon po onl hlo by 1975 to obtain froa atoodo mot ore alootrlo 
powr e<filralant to 50 idllion ton o I ooal. After 1975. la feiteia, oentm 
tion of ordinary water or thermal power genera tlsa are not plurt, bet, 
according to the program, electric gemrat&en will bo carried oat cxmlnslvely 
by atcade power pints. 

Thoraal reactors like that In Caldar Hall, yield fhrt wnlM a» a b y*p ro- 
duct. Ths question which naturally follows in in «*«* the pintenin an 

• bo need. It ie possible to stills# the plutonium fbr otter typn of motors. 

Tho so-called fact neutron b r ee d e r reactor is eonoei cable ae a reecter appr epri- 
ate to use the plntcnitaa ae a feel* We an oenatmc tln g a fay lira rfuL«rfi 
reactor in Dewmley in the north of Scotland. The hitherto natinod reaoteie 
vhich us# alow neutrons require moderators in order to decelerate natron* I 
oeant that tho uee of aedorators ie fbr tho pur po s e of prerca nti i^ a ■■her of 
neutron# trtm b ein g oaptered by uranima 238. If net cf the feel te be weed le 
aado of a robo t an ee Wiiob oan easily split, there weald bo n esse selty of 
decelerating matrons by expressly using the aoderetor* this le the ran 
we base to consider constructing fait reactors ldileh do not uee njr ndorater* 
Aloo, if no sodsrttor ie use d, it will be unlikely that natron will be absorbed 
Into iepuritles contained in the moderator. 



The core of a fast reactor ie surrounded by amain 238* GOs of the mean 
why this type of reaetor ie eery ecoaaedeal ie that net natron eaitted fha 
atcnie nuclei are captured by uranium 238 and can also be irons fhw—f late 
plutaniun 239 tdiich undergoes nuclear fission. This reaetor on produce plntsnlira 
in a larger quantity than fuel eonsnsdj bsnee the nan of breeder roaster* 

The thopsad output of ths said generation reactor in IWmley ie about 60,400 
XV. It oors ie eery ass 11, about 2 inches (5 sent Inters) in disaster. A bsat 
equivalent to about 30,000 ordinary heating st or es oan bo ribt i liweil from the 
eontrs of the fhol part. Any gas cooling dories is not noeoeeny tor such a 
nail central fuel part , and the use of liquid netriun as a easier Is oawiiaUa 
instead. The natrlro will be circulated a round the motor sere by nans of sa 
eleetric imp. This will involre great technical difficulties, as such s lap 
qaintity of liquid aatrii* has error beeo\a«d befbre. 

If the natrium dr eolation le stewed for son ones or ether, it is sm> 
ooi rabla that tbs center of ths reaetor will be melted* la otter be prsuoat 
very stro^ly radioactive aateri&ls free thus flowing swsy sad oustaslasllmg 
things outside, the reactor e ere is placed in a steal container bandog s disaster 
of about 140 feet. Surrounding the reaetor oenter, m imlira 238 is plmesd n a 
"blanket" . 

The thoraal reactor in Caldar Hall and the fast reactor in Duualsy n b# 
regarded ae r epr es e nt irg both extrens, the fbnar being rory testy nd last 
efficient, but safe and reliable as wall a a staple to ileolgn , sUIa the latter 
is .utij 1 , very light and efficient but involve aany tenhsifirl dlf floultles* 
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Various «n tf malor rtsol firing em to waw lto l hotness to to* Hn 
To II writ sooertUnc to to* itodty of bkWmi, ttoro at* tom* typos utal 
tost Matrons, l n towndUto ns a t r on s mA sery ale* tosmsl motreno impacfcltol; 
Also eaneelsable am itoi toq| as nstlsrotor at all* total ardtairy tolar, 
toots y Mia*, greyfalto or toqrlUM as a nsdorator, ant total pn* tolar, aartoa 
dlsadils or liquid will as a osolar. 



Vs om alas as nsai so mooters wait* tool natols ad only in an! Id tom tot 
also as a solution or areata* sal laid. They ars ssllad kaafsasa roasters. 

It will require farther stadias to dsatto white of ttoa dll to toe noat a asto l 
tor intostrlal p nr poese. 



Za Britain, os ars nos eanstmetiaj tost nad o w sat has* si a* s torie d 
designing two or throe otter types of reactors teite nos astaitas of a* tutor* 
sadists saloolty. Bmessr, toe keenest attention at prssaot la toonand vpm 
the tbensal reset er which la to bo etev&«ted in Colter tail. I alas IMd tost 
there are snllnited poe si bill ties of atonic fe neretlon tedng realised ty sum 
of new types of roaotors. 
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aour oa of astirity. After passing to the third w a s a a I tha IVprtd la p**»ped 
through filter pr es a s s which rowva tha wpin d ii laparltlaa. tha iiwiia la 
tha solution, *Ui' la aoa only slightly aetiwe, la prod pit abort by tha a ddition 
of hydrogen peroxide and rawest by fUtar preeilng. this filter aaho, tboa# 
a jwra uranic* oxide by mmm ’rial atududl, requires further pari fleet Ian to 
■sat atonic at orgy atudod and la ra-dlsaalwed la idi ari estreated lata other 
Tha lapuritiaa raa/dn In tha aqueous phase and tha uranlta^ aa urany l nitrate, 
la than wuhad oat of tha athar and precipitated with ommU la tha flora of 
aaaaunlun dioranate, whidb ia aollaotad and drlod aa a Mutsch flltar. 



Tha mamxdim dlnramta ia thaa con ver t ed ta ureaiue tatrafluorida. It la 
paakad in traps which are loaded into a cylindrical re eater end this la laoa r a d 
Into an electric Anacc. The ccorordoa prooaada in three cUgnj tha diamante 
la first beoted to docanpeae it to vnmtm trlaod.de, Uda la radaaad with 
hydrogen to the dioxide and tha dioxide ia thaa trea t ad with acbydreaa hydra 
Hrerle odd gaa ta oonv wr i it to umniua tstreflaearide. 

The final rUjp in t*s sraufae turn of UFsaiss sstal is the retstica af the 
tetrafiaaride with aaialUa 'vlelua. A alxtvra of oalalan chip* cad uwrin 
totrafinoride la tippod lata a cnlfil aUd steal mould lined cdth oaletra 
fluoride. Tha wold, dlch la wot* v'Aed cn a begle, ia ten Into the firing 
shaaber, and tha eontente Ignited by a pallet of pntaacdvn nitrate cad laeteee. 

This InitiAtoa a violent react ion. The ora idea natal boson aa aoltra cad alaha 
to tha bottom of tho aculd cddlst tho aaldtat finorido, dsidb la tha <dhar 
product, ferae a alag an tap. Aftar leering ta aool tha aoald la brakaa dona 

and tha araalaB billot raarcad. Tha MUata are ferae 4 into bare diet are 

a* chined to also and c a noed la almdniiai randy for lnaartlca lata tha piles. 

It bad Initially bean the lot entices that tea ahomld bad Id water sealed 
graphite nod era tad piles. Bewarvwr, for safety roaaaaa wa d e ad dad ta bo l ld air- 
ooalad piles for the prodwetiaa of pluteedm. Wo felt, ad 1 a an that la 
<*ur ease It woe true, that tho disadvantages of tha air sealed pile wore adad^cd 
by the fact that tha ilr sealed graphite nedcrated pile ia lahoraatly safe, rad 
by adapting this type of pile wo ware able to build oar hdcqr aa a alia c hi ah 
was already dove loped and tdiish was not no reads as to bo inoonvcalant. Tho 
first of tha two pile a built In this factory was in opera tian rather looo thaa 

3| yearn froc tha data tdtm tha site was chosen. 



At this Wind seal a fast cry wa haws alee the diraisal pirate for tha atne* 
tloo of plvrtonlna rad wracira frea tha lrradl atort aetel. It was decided ah a 
firly early dots that we and* to adopt aolsaat extra etian proeeeeoo dbr theca 
diealeal aspirations, net rarely baaauaa wa wished to achieve the U# efflelnaniae 
of idiicfa they are capable, bat also baosaaa we fhlt that It was aesahkial to 
adopt froc tha outset dhadeal proeaaaae W)ich enabled wa to recycle tha eoraaAm 
sad eo aeeur* aeonoay in its use. Construction of tha dbcaleal ssparatlsa plaaha 



started Lite In 1%0 aa tha basis of resaardi wait which had 
at tha Chalk Rlwra Icbcratorlaa in Canada by Dr. Spaaoo, wha la 
Cheasletry Dlrlalaw at Harwell. This wortc was doe» aa only TP 
pl>itoelra, and as there was no tine for tha eanatmetloa of filed 
techMsol plant be fere aoostroetion work started, wa 
itruction of the prisrvry separation plant, which was 
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ecetlj, on the tails <edy r Dr. Spence's researto earrlsd sot ■ a 
<ynntity cf plutcnltm* It is, of emr— , not difficult U mla gp a 
process in this way if the full sails pro os— is to operate tatdsdas, 
this ease w* w« •o.-Olng - p fine* laboratory bento wit — s aaatiM 
*d tlw results of obaadeftl engines ring raas a rd h cm the am rtlffi—Tt 
of the plant becnse av-iHstis to ttao designer* only after a—rtw it i* 
ondor nj. In spit# of this , ths plant w— t into upsrstlon am tho pro 
data, rirtuaily wit hoot trouhle. 



Early in 1950 it w&’. decided to frocoo d with tho aaostmtias at a gaeeaae 
di f fusion plant for tho sunufaetitre of uraniun slightly enriched in ths Hallos' 
abls 235 isotops, this plant was nece s sary for i o wil d— t of ths parlflort 
uranltsu as para tad firm ths irradlatad slugs in ths sh—1 1 , d pint at Windocalo 
and or.de arnllahLc for rs cy m ling through tbs piles. Ths plant was bsdLlt at 
Cspenbarst in Cha shirs and started o p e r a tion early in 1953* Along sid e it has 
been built a plcr.L for this aanuf.icturs of highly snriebed v*i«. 



In tbs xlndstru** piles all ths heat of fileslen is mamma; tine is 
at ins tine they wore built ws did not Buss soou£> terf— logjlssl ka 
srw.hLn us to r scorer ths host at a high enough taaporak— to gsnsr 
These difficulties were suffielently gear so— hr 1953 to enable us 
constructing reactors which would both oaks plutoni— sad gonsrsto 
power. They are coo approaching oonplstjoc at Cilflsr Hell , In lob 
This factory will ultinataly consist of fbur gas solid, fsphttso 
reactors md will have a full -load ge n er a ting dty of ISO nag— i 
Ths station is to be nzn by the Atonic Energy Authority sol will bo 
H. K. Ths mueeu oc October 17 of thV year. 
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Based on this do— lepaant a Gere— sat tQdte Pap— wi 
1955 toicb outlined tbs first stages of ths png— tor 
la— strlrJL nuclear power in Great Britain. This program 
rtructioc of two gas cool ed, graphite— a— —tod stations. 
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am cnees should be in prod uc tion in I960 or lftl* to 19to toe— to— Id bo 
twelve stations in operation* with a total gen er a t ing as p e ri ty of around 2*00 
It is hoped thni to 1975 nuclear power sta tines in Bfeitaln toll be easing aha 
40 alilion tans of eoal eeery year. Let us a— snaslifar tan at the an— lags 
problem which Us In ths way of producing amatol p oswr f— a anal ear energy. 

(a) Firstly the problea of operating at hipi t— jinnitm aa and U0i w tt ag . 



Unforturataly there is no taw** way of oof— siting — lew oaarflT i—o pa 
without 3oibS tijnugh a heat *jxle. It fbllcwa therefore to— to ardor to 0 
Cm lasudmum therml sffldenny we nut use the h— t wbdto to a— f Table far a 
fission energy at the highest possible t ag s — tars. 1 fato— — —fly bo to— if 
our fbel elsawnts eon be sparrtad at high separator—. I— ( to SV0V to 
ths xruatawt oeonowy to capital oost. It is naasaaaxy to r— — aato toto < 
possible fron every ton if auclser fUel that — pot iabo ton fUSObW* 2b — ■ 
be osar waptaslsed that whereas ths di owns ions of tho ears of m aflWNlb 
are detareunsd prtoorily by asolesr physical eoneidere tiene, tbs p—tottlb. 
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rote of bent relaaee, « m>l u thi tem p er a t u re at "hidl we MB spare ta oar ft Mi. 
alamort, depend on wtrvllurfcloal m^A nee ring aoaal derations. 



In piles which use natca -J umnius aa a feel the flMllt 0235 la (Hinted 
by now-flealle U23B and bum to of this reasonably caananisa 1 piles «a ba tel It 
with moderate baat releasee j rr ton of fuel. Bat a* we Ml into Urn flald 
of reactor* which um mtiche.1 material wsd \w cgranc *VB further into tha fast 
reactor field where we oust use a (Vial whidt ooaalata of alaoat p ur e deeile 
material wa llnd that we Boat use very much higher rates of heat release. The 
need for this arises frae the fact that our enriched feels are eery expensive 
end »e wet therefore get large quantities of heet jar tea of fuel if oar 
reeetor is to be eocncsdeal At the high rates of best evolntion telcfa we have 
to aehleve In these highly rated reactors the problem lies not so osch in getting 
tbs heat sway from the our face of the fnel element as is conducting it through 
the mass of feel in which t» is generated to the surfhas fim which It has to 
be removed. The rate of beat flux in the mstnl is eudi as to glee very high 
thermal stresses both an the feel and in the ceasing Materiel thick encloses It. 

To eiy aind the limiting problem in reester design for say years to eaa will 
be the design of the feel elem ent t the reastors thleh me hell build will be ms 
economical as cur knowledge of feel element design enables ue to asks them. 

This is one of the principal 1 imitations in reactor design. 

i (b) Secondly the problem of wttp'jej 

j : J:*'- 

A nuclear reactor presorts a pa antis 1 bssard oaeaose of the eccusaletlwi 
of highly active fie si on predicts wl-hin the feel. Any eocl deni with a reactor, 
in th* way of a firs or unoant.ro lied super criticality, whleh result ml In the 
release of fission products from the sore, amid lead to the ecBtadnatleo of a 1 

surrounding ares. For normal pour station operation in the Dsdied Kingdom, I 

therein, it is e martial either to build reastors teloh are Inhe r en t ly safe I 

from the fire or sopereri ti oality point of view, or alternatively to provide I 

adequate containment of the act ire reactor pint so that, deteer accident. 1 

might occur', there oauld be me release of flnstam prodmets sufficient to ooxr- I 

stituto a dftn^r. I 



Let us consider a possible cense of an accident tm s Tenets r. In the sees 
of thermal reactors tbs core contains both med orator end esslnnt la idtlHw tn 
the feel e Learnt. If tbe ooelsst is Mere effeetlve as an shscrhsr ef nsutrens 
than it is as a moderator, any less of cool art. Ann the aero mj result In *a 
increase of the reactivity of the pile. This is became the nsutrens that hues 
previously been absorbed In tbs coolant now become avail iblrn te ansae fbrthar 
fission nnd so imereaje tbs activity, flu <fc a reactor, fer instance sens 4sd#P 
of griphlte or heavy water moderated piles using ordinary U#t wetcr ns SSulaat, 
may be inherently dangerous. On the other hand s graphite nndaralvrt pUn tdtt 
air . 30j or helium oooling is Inherently safe because leas ef csslod wUl as4 
increase the amber of neutrons available to caus« further fled one. Sldlmly 
it is Doasihle to design a light or heavy water reactor using the son adb» 
stances both as moderator and oooLant in such a way that no saddsa increase ef 
resetir) ty cm occur. 

» 

In the ease of the more highly rated thermal reactors Old) earn be build 
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wh— enriched uroioi la oMt, aeddanta in pocrihlc 
thermal capacity of the opts. 



• of the 



It la probable that each reactors will on liquid metals an coolants; if 
tor rxnj reonoc eiraolatlan of the ooolant onan, the boat «pdtj of the «ai 
la oo ■aall that the taoparature would rlao eufftnisatlj (pliably to souse 
etniotural d lslntegration of the oore and vapour! set lsn of the liquid octal 
which night thoo catch flro and cauae disperaal of fission products. Iho row 
of such an accident oan bo oentainod by bracing the reenter la o nailable vees 
which will etand the calculable proa sure «diidi nay arloe. Thin In being done 
oo our fnt reactor at Do— reay by housing the core of tbo font r e en t er la n 
•tool upborn. 

It would be a adetnke to suppose that the probabili ty of ss eedrfnd sand 
bo any higher in the mm of c naalear pow e r plant than with mj warm m m — > 
tlonal power plant* v but the results night be aero widespread if attention nea 
not pvid to the hanards tfttieh hare been described. 

Let us now look, at a law of the alternative t y pes of reactor which bans 
been or are being developed for the generation of indue trial power. 



Tbo Gaidar Hall type of reactor is a natural tsvelnp—wt Ana tbs 9P0 and 
Wind ana la piles. Wo Hava an active core In the fbm of a cylinder of aypradnats 
;c ft. disaster. da aln at rolls hla operation with n ndon narfsos tnpnton 
for the fuel elnsents around 400*C. It is netooaary to pot tbo gan swlnt cir- 
cuit under procure, of 100 p.s.l. , and this involves enclosing tbs satire sore 
in * stool pressure vessel. The pressure v assa l in ab ou t 40 ft. disaster. 
Difficulties ari.c in supporting the g r ea t weigxt of the graphite core and aury 
ing the load through the pressure vessel cn to the aoin suppewtlnc straetura or 
fosmdations. 



Tbs unuiiva lies in vertical channels in tha graphite asdsrator . &»ab aa 
■ ruing— it is convenient so for as the design of tbs coolant tUadt In eem- 
eernod and also fisa the point of view of tbo graphite struct tan. It loads to 
difficulty however in the nstbod of supporting the wui£it of the fbsl oloasrS a. 
If the reactor is a r ra n ge d with tarlaontal shanasls the letter difficulty dis- 
appears tat the design of the graphite structure bonausu sash ears Obad. 

1 r. either case there is difficulty in arranging a suitable oOnda for Oagli 
*..i discharging the Ihel eleemnts. If a separate help tlarougb the s hall of the 
pr- ?mre vassal is provided for every channel tbs design problem in ntrady 
awtaeard. If, on the other had the channels are gr ou pe d for dughg and din- 
dorgu>i ‘Die aoahsniua becomes acre ecnpleg. 



The coolant gas *iich is OOj i* circulated round the cloned oooloOt c&ran 
by KM.tm of not or- driver blowers and tha cutlet touparature of the gee lousing 
the reactor is in the neighbourhood of 35C*C. Tbo beat ■■shag— er bdlat 
ere situated outside the nsin biological shield surrounding the mentor It— If 
and the turbo^alteroator plant ie of conventional design. 

The otv ntagee of the graphite m od erated g a s c o o l ed rsMbr arm its UAot 
safety And stability anti If a large thermal capacity of tha — • SM& l*llg0L 
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ar# quit . 9 aodert , in the r<nge between 1 an: 2 MW per togne ef ureidwa, and Udf 
wans that the capital irrre rtaorrt of uraaiu\ la large. Tba wain (UcadwtUitl 
of thla type of rw&ctor are the large interment of uraoimi required, the need 
to uae high-purity graphite, ind the diffioaly of ©oostreetln* the pressure 
shall. Howrcr, the graph\te-e»darAted gam-coled reactor la the one for which 
the greatest amount of knowledge and design experience are available, it us es 
techniques and »ateri\ls of construction which are well established and is the 
only type of reactor vftich we could today put forward a a a sound industrial 
proposition. 

It la Hffloolt to give a precise estimate of tba ooat of pow er generation 
frm wich a reactor owing to the problenetical value to bo allowed for the 
plutonium which it produces u a by-product. Two a half years ago the best 
estimate for the first prototype wae a penny a (nit, oegleeting an y credit for 
the plutonium. The figure, taking aeamint of technical advances and asking a 
reasonable allowance for the value of the plutonima, was given In the White Paper 
as 0.6 pence per unit for the reactors of this type which are indoded in the 
pro grn aesa for the next tec years. Mon recent woxfc suggests that thla figure la 
iri over optimistic . 

If this competitive pries eon be achieved in the first raclcar pow er stations, 
it shtaald be poesible, with the development of techniques, to asks panel durable 
improvanrnte <a*d to geoarats elsetrlcal energy front oeelsar p ow er at prloss 
Icerer than those tdxidi can be achieved by the use of conventional foe la. There 
Is good reason for believing that this will be achieved. In co mc iiliqnal . p owe r 
stations, approximately two-thirds of the total generating chargee are taken 
by the cost of fttel; the other ooe~ third is taken up by capital and operating 
charges. In our first nuclear power stations, these proportions are appmarl— tely 
reversed) one-third of the generating charges are taken up In the cost of fbnl 
and approximately two- thirds are taken up is operating and capital chargee, ef 
which the capital chargee represent a very considerable put. 

Mow, it is o o n a nr experience in the engineering industry that capital 
charges decrease as techniques of design are developed. ^TLg. 16 shows the way 
in which the capital coat of stews power stations and lead' based oil engines bee 
fallen off with tine since they were first introduce^,/ for eaowgkle in the 
seoond half of the ldth century, the coet per HP of a steam power station wee 
over 12,000 - in the middle 1990 ‘t this coot per h o r se pow e r had fallen fee 
about lt.0. 

Every technical consideration suggests that the unit eoet of weeleer power 
stations will follow a similar trend. But a steady foil in capital coot is ef 
greater ieportanoe 4wn capital chargee represent nearly t we— thirds of pviMkini 
cost* than when they represent rather lose than one-third, and it seewa highly 
pr-bahle, therefore, that with the passage of tine the coat of power prodwoed la 
nuclear power stations will fall relative to that of power produced in Conven- 
tional stations. 

The gas eooled reactor is not capable of Very high ratings ad l i q uid Mla| 
reactor taint be devoloped became in these it will be poeeihla to achieve these j 
higher ratings* ir. the long nr. This will reduce coote and reactors with h&fjk ) 
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rating* are essential to eaabJ t u to bun up tha plutcadua pukuai aa a tp- 
product in gsa coaled reactor*. 

flawy Water Moderated Matwral 9mrtli litHttf 

Fro* a physicist's point >t *i*f« heervy wUr 1* the boot aadarstor fUr * 
thermal reactor rina it giro* th* beet Matron oo u w m y that 1* km to b* 
pood bio. Because of this eoonewy Uw critical dm of th* eon la mil it and 
to Vika advantage of this wo anst got oar host sms j final s ansll surfao* ana, 
Th* use of a gas oaolanfc ia therefore no loogv pooaihl* sad w* amt am a 
liquid coolant. Ordinary light eater would b* aa obvious abode* war* It not for 
tha fact that this tcnild giro u* an inherently dangerous rwaatar. It la there- 
fore desirable to ohooee heavy ■velar for uw aa omIit* as wall os nadoraiar. 

We sf\ould no* be able to g> to rating* in the range betwee n 5 sad 10 Nf par 
tonne of uranium. 



The estlanted ooat of p<war saturation fine s heavy wtr mdarstod r ee et ar 
depends wary aur>’- on the price to b* paid for hear/ enter sLnan this la s anjer 
capita itsi, ht when tne teohnological dlffisBlti.es hew* ham aaeraan* it 
should be ht about 1.0 pm per unit. In may ways tha buy wtr r ea ct o r ia 
an attractive pi* 0 * of plant. However, it has tha g re a t dlaadvmtag* of tha 
limited availability of heavy eater . 

As an alterant! wb to tbs bssvy eater renetar, It ia paaodblo to mploy 
ordinary ught ester both ss M od erat or and aanlmt p res id ed aaddhad uraadna 
can be used as the fuel. Wo enulri thus save the ooat of heavy e at er at tha pda* 
of paying for enriched u ra al aa frost a diffusion plant. 

The use of light enter should give greater firoadra la the Anip af the 
charging ud discharging arrango—nta but the aataUurglsal sad anglaoorl ng 
proUna of dMigdng eater eaolod and Moderated reactors Cor pear f radaa ti o n 
should not be undereetlaated. 

in taxMtoi&A st fart Bwflgi 

Tha next step in the sequ«c* of poesible poe a r prodfudng reunion ia to 
dispense with the Moderator altogether and to u*o a highly enriched fuel. TLj 
oore of ouch a reactor, in shied the fission proce ss w o u ld ha ounrlod aw by 
intorasdiat* or fast (as opposed to thsrnal) neutrons, wan Id contain a f Uol h aving 
a relatively' high proportion of ooo of tha flasila el wont* or iMhyw, QS)» 

U735 or Pu239 together with one of the fertile elaonots, l.a. a noloM aat UdOk 
win aboorfc ncirane to fern a fissile Mit-rial such aa Th232 or QQt* 

It ie a reactor of this type that w* are building at Doarjoay. The abeawee 
of Moderator results in an active core of very ansll velum. this volnm am af 
oouree be ii tressed by dilution of the fisall* element with a creator qpmtlty «f 
*.*w ferti la elenwit or alternatively by the addition of am* ofcbar dUnmi ta 
tr» our*. Slthsr ooutsa cf action, however, intro duc e s aataflala ehibh ubenffc 
neutron uvi thcrefbrv increase the invostrwnt of fissile WtiHlI Meeaenary tw j 
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gtw a erltlenl Mwrtly. Sines tha nydtal wt t/ the Mtwiil 1 a U> 

«r« 1* the nejer ltca ix Um mmm 1« «/ this t|pa af wxt» t At aud Um mt m * 
faco the prohln of designing a ear* *f Try mmll ale*, any » cyHadar ef 2 ft. 
dlnetcr anl length with a heat ratine p trt api 100 IT. 

• 

This la a dlfflealt prohln hat threw era Hire tmmm ft r fbedag It 
because probably fast reactors an be acie to brae* rare flablla ncderiel thn 
t hay eoncuae «d so, while generating parr, they aaa lMraaaa ear stock of 
fissile ntcrisl, M irr o r , If a laigs anftar af thunl reaeters are to be 
built and operated ftr pgoor gaaaretln ‘.here will be a unreopnr Hnf jradaeila 
of by-product Plutonian and this eould atmiaiUy be used ao a ftol la ftot 
roaetora. 

The d»la prebin ef the fast remoter la sent si id n the anil also af the 
core, it is not ae nob the beat transit r fm the aarfaeo of the tel ol nart ir 
to the oeolsnrt that la the stadtallng black, ilthuO tMa la difflnli ounoft 
since we ay be asking ftr a beat flax around 3 x # ttS/W par af.fl. 

The real difficulties with these cay hift bast ratings are fte large 
tnperature gradients and tbcnwl atraaoaa oaaanrlag la the ftal dnatc the* 
aalrea, the difficulty of aalnialning ncoaibly nlfoar topoctuc waH tjcw 
round the surfaees of the elaunts, and tha diet art In af the eluants s h i ft nay 
take plan. 

Ia outlining ana of the priblni of the fkst reactor I ban lnpliad that 
the reactor core weald be of aaneuaHnocl dadpi la tendnt aalfd m tal ftal 
elements. Because ef car liadted knowledge of the ykgwiue nd nglnaoting af 
Hhr «yct«a, this la the only bn ef emnfUai shift as* ha fallowed ft 
tha present tins bft oaa bnttddy aearohes ftr a b atte r aad rftlftlly hfftrad 
design. Ctoe weald like ta aaparvte ha bnt-traaaftar p w Bn ftm tha nel s ar 
Fhjftoe of the cere, ad, ia fleet, to tiuftr the haft aftftde tha ear*. Oaa 

would lift an aiTanganft la obi eh the fbal la already llipdd aa that tho prohln 
of waiting of ha ftel elonats, la the rant of dlitwrhua of tha coal aft Oar, 
would disappear. ftp such aftna which would laabt air acini Ing a Ih ft hd fbal 
through the ruder taring* ft a heat of ftaftonl, pkytteol, nd natallar igloal 
prcblno . Aa regards hnt t me ftr, m oonparftfar ftftoa mid ha batter than 
a liquid pools nt arroqguuft. A boccagnaona remoter oora endflilf of a 
solution of the flsalls ntorlal la ana sefreft, wfalft woald ha cllatt ft 
bell aentiendy, would be a possibility. A threat deal ef work xondaa ft ft 
done and Isnurao pendhilltlea are epea to thane who work In tlda. Boat ltterettlag 
and lapartatt field of predating uaoftl icdortrial p ower frmm waaloar energy. 
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(Inetare by air Hiat- 

al Tokyo m Hap 23, 1934) 

In presenting lecture* on tho «rk m haw* dene la drool oping floor rtoaU 
ocsriar programs I an usually spooking to n gra y of edantiat* «• oglMiw 
with specific interssta. .has 1 n ay b* talking to oginwti on tho doai If of 
a particular typ* of reactor, to phyeieists on reader controls or to dnriit* 
an tho ancillary chemical prooesses. But rtwa I proparod thin Iseturs, ao I 
did, half tho world way froo ay audience, I ankr of ood that today I i>**H bo 
speaking to scientist* generally and not to scientists dlh one Samoa and 
oped fie interest. I shall, therefore, try In this paper to indicate tbs ooopo 
sad nature of the research ptfra— thlch w* have fbnad noseessxy in sappert of 
our atonle energy programs, and 1 hope that you id.ll Had thla n*»hl , 



I indicated in ay first lecture chat ao haw* alreody eo hl sta d la Groat 
Britain taut I think it north -while to recapitulate the stager of Smlspnt 
that ws has* pao»od through and ocr plena t>r the future. 

Tho Atonic Energy organ! sat lea in Greet hrltain «u establish od la 1%6 
and our inswdirt* ebjoetioo oas the nuafactuxe of plntcaim hr de fus es par- 
pom. 1 brio fly outlined in nr first lecture the extraction presses at tho 
Springfield* frvetory where tho araia fuel elsaants ao fbbd. sated. Tho next 
stage was to build a reader and at thit tine oar knowledge of r s oot o r toctaanlngj 
was not sufficient to saaMe us to design a deal p atpo es pU* idioro we eauld ana 
the heat generated la the reactor ears an Sail as anafeetw pletariaa TTnee 
fore, in the Windooale pilso, the reactor is ceded by a cu rr e n t of dr dtldi la 
passed cut to etneepbere through a 400 ft. ddewy and tho heat of fled ca la 
wa s t ed. 



Cran beat it is 



that tho 






In order to 
bo available at a high 

and aetallnrgleal prohlms Lmelved la doing this 
experience was obtained on tho Wind soils piles. By 1953 
that oo net ruction «or* oaald cmaanee on the first 
actors at Gaidar Ball, aa a sits edjeood to tho Vlodeoalo piloo 
reactors are, lita* their Vindsealo predsoo sa c ra , gr »,hltc ■htrth 
dioxide gas was ahossa as coolant in rim of its low oost, ease of 
neutron absorption cross section, and low ehmical reactivity 
dltior.s. The gas is circulated from the reactor through a 
tne boat 1« used to fora caper-boated steam to drive eonrafltioaal 
nator generating seta. 




TS* Eb-iidob progrraar tor the derelopoent of nuolonr power starts with Um 
construction of two or prabahly thro# gae-oooled gr.phit* aodwatad at at lean, 
eisil^r to the prototype station at Caller, each station hawing two roaahara. 
Construe tiju of tbee« ahawld start about old 1957 And they doald OM till 
operatioo in 1960 -ol . The construction of two further station dll bagla 
about IK aonti.i later, in these the reactors will be of a d o llar type ta* thy 
ahsukl ktow an iaprowsd parfbrannoe, pxtlaiJLarly in heat rating. 9y 194$, 



UhGU-SUIW 



l)uf N<» 

I'ntn-. 



wKussmn 



(• :j • < * 



ri|(. 1 — 

EneL No., j 6_. . 
D»p. No. „JI 
From -Xm 



twol-vo oUtims should bo la onuretlen sod tMa g roup it-M 
1*500 wad 2*000 Mpwtu of i!»4i1n 1 p owr. Tbo first rt 



tftkU 



«dll bo of tbo pi »>!>< gmytdtA BidirrtU tjp bat tha loot 
b* of tha liquid" -aoolod typo rtiidb nur thou bm be* iNdapb 
bo oooandaally aatiafeetoiy. 






Oar plamli* of tbs 



of the ladiatrial 



Sofia ad has largely boon aondltlcned by the ml acyply 
wp of ooal Oar go aa i r atio of elnctxioltr li oboai 3o 



mp of ooal Oar foaarstlm of olactxielty la oboai 36 ad 11 1m bn o 7 
without mol car pmor* it lo ootlaotod that by 1975 a* Should bo rntng 1 
tons par uum. Coal la bimrini lngroaolngly Affiodl to at tai n » tb 
prleo Hi 11 rlo« and roliaaoo on ooal alona m o ooarot of pmor mil ■» 
ooal if oloetrlcity would inorosaa oorflrtorchly and rapidly. 

In the position of uyuKtly requiring poor firm atoodo aoorgy m b 
plaited our reliance firstly on Uw gao- mo lod pipUtMnbnUd rooator 
While tboo* bm abort iwTiqu. U&^y bam tb* of being ldnm 

eofb, of being alnplo in engineering ilorlpi and of mi*# mdarlala and fc 
of com trootion which ora wall ectahli&ad - a» gm a t dlfflaa.lt baa ara at 
in getting than into apar atl aa. They ara* aaraamr* aapehle of groat lai 
nr* j bid. in ear aooand stage of damlapmnt tiny dll ham to bo aypla 
and per haps ultimately nyerndal, by rooetora diet ara capable of high 
Thaaa will eertalnly ba neaaeeary to bam tbo bya prodaot pftnteadm pan* 
tba Grot dap masters. Tb Uda awl a p ratatyp a foot raaator la aada r 
atrootioo In Ua nrth af Scotland - this type of roaalor la may highly 
uaoa eoooantratad oneloar fbal and la oapabla of cresili^ no re flt aHn ■ 
tbn It destroys* N « ara alao wortdag on tbo dooiga af t hawn 1 raaotara 
ara capable of high ratings. 



t dLffiaalilna 
want'll of gr 



Clrot of all at seeming a raliahla oatpnt of paoar fm m 
Hall type* wu all next at improving thorn maatora to aabt ' 
and wa aln next to develop osientlfLe kaonledga* natariala* 
enable wa to build the highly rated maatora of tho aaoend 1 



1 prognuaw of thin napdtado obviously aolla fbr largo do ai g n and danoJ 
amt groups and an extensive ranosrdt pregnane. hr tbo noaloar p hysi ca l w 
so o r e h tdiich ia 00 mo wry tha uoo of eapcrlaantal raaotara la aaaoudlal ad 
those which are aaad eon bo divided into, two general typao 

(a) rooetora built and operated aa mao ar ch toola in ddd Irradi at io n 
of mtorioli is carriod out or aounrnaoBt of m alaa r au na tai it a la 
oado. 

ib) react* ro built to study problem apeelflc to tha daalga af a alw glo 
ftsll oaoln project. 



Ir. renaiiiorlrg tho first of thoao classes* wa find that thara ia a bwuinll 
chain? oi typos. In order to sorry out Irradiation quickly ad ab b sin early 
moults* tho scientist dananda a reactor with a high a a ut ra n lilt mal ty Ik tba 
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Irradiattoa of noalaar ftMl is — iootly 
b»-«p| 10,000 mts/t is ahead 1 peresnt taTHf 
to ashlers about 0.3 p aroafl t I— sp la a rasitir ualng 
0) probably l perani with omtM oulsbad 1.5-2 
osot la a fut ruetor hiilai 152$ yareotet dull* 

BEK) the fiLrst Hawaii Mpirlsattl {die kM a Qw of 1 
P«r in. and tdll glit « burn ^ «f 0.1 pen— t. #f attar 
0os sight um, say, 5 Cs analaa hr nstallnrgltal 

this to 3 year* but ovldsa&ly no vary woefbl experlaaads of this 
dsns in a wirt s of this typo. Plat* hi* s fla ahoal 100 th* 
*r««t and can produos 1 par out bvn-up 1* toot apartmas 1* 3 «r 4 
!• therefore vary eeofitl for this sort of wariu Whan Irradiating m 
cno nos ds to displace, by hst neutron oalllaiqa, any 1 percent of 1 
*et significant results. Jk»9cmm a target area of 10 bom* psr "atoi 
1(T^ ca 2 . Tbs sUrbl Mat U*rafbrt tgartais a* iahgnM fki 
flax of ID 2 *** par oa^/ W this la to bo a ch ie ved la l/j of a 
sa omri s j / a*a made, anas again, a —giro* Otoe of lfl * S* ] 

Pinto is ths right reactor for aatsrlals tooting, bat tho isla* of Its 
sn ail and it »d_ll ecu— nitsta enly a snail snbs of toots at any ana t 
Tbs practical technologists (tho agLonr) is not 
tho basis of a fan experlmtetal rasa Its ihieh ng 

re su lts firm a reactor in ttieh the core has a sefflclmt nhw to gha a 
st&tistlsallj adequate onbn of axparlaan is. BKP0 ha* tld* larpi 
but. glT«a only a —11 fin. If as try to boll4 a raaobsr idtb • M| 
toIj— jfl| a big ne utr on flux a* ten a raster a* ths Iwbitiiil seals with 
big capital cost, big burn pp of flood and Mg operating seat*. 1 lone* of a* 
royal read to tho solution of this proKXo*. fsroopi by i 
ths construction and operation of irrU. atrial reactors hasp la atop aftth 
program! . 

It aULl bo clear that them are groat advantages to bo 
rly start an a* industrial pregrn— Maas tho r sa st a r 
flux valnss with a large solum and moh valuable statlatioal 
thsir nomal operation. 




A fhll raasarch p ro graaa o 
ne ut ron flux rese&rdi raaatora of which tbs fblloaing are 

1 . Dido and. Pluto raaatora in the 0 . 1 . with 
10~Sas/«*/a«c.. and 10 Hf beat rating, 
tioo and ooollng. 



Tbaaa raaatora 



2. K.T.R, aid CP5 reactors in the U.3.A. These are 
ooa another. CP5 aay be regarded as a —liar Tertian of tho 
actor* with heavy water nodorstor twd aoolaat, and a 
1.7 * 10^>ns/sq,aa/*s«. at a power of 1 IV. The I.T.R. reactor 
and cooled with ordinary water tdildh gives a high fact . 
total neat non flux of t x lO^na/eq. at a boat rating 

therefore a powerful six! useful r aa s a rch reactor. 
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difforsat in type 
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3. N.RJL. -ukL 5.B.U. reactor* are used in Canada. Both have heavy 
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